CALCULATING FENESTRATION PRODUCT
PERFORMANCE IN WINDOW 6 AND THERM 6
ACCORDING TO EN 673 AND EN 10077

1.1. Overview

EN/ISO 10077 set of standards (10077-1 and 10077-2) give procedure how to calculate center of glazing
and whole fenestration product thermal and solar-optical performance.

= EN/ISO 10077-1: Calculations for
= Center-of-glazing (references ISO 10292 (EN 673))
*  Whole product performance

= EN/ISO 10077-2: Calculation of thermal performance for
= Frame

= [Edge of glazing area

1.2. MODELING IMPLEMENTATION:

1.2.1. WINDOW -- Center of Glazing

Preferences:

Center-of-glazing calculations are done in WINDOW 6 by setting the preferences to EN 673/ISO 10292.
Go to the File/Preferences menu choice, and then the Options tab in the Preferences screen. Under
Thermal calculation options, set it to “EN 673"

Special Gas Library:

There is a special WINDOW Gas Library (called “EN673 gasses.mdb”) to be used with the EN 673
standard, available on the WINDOW Knowledge Base website
(http://windows.Ibl.gov/software/window/6/).

These gases can be imported into the WINDOW Gas Library using the import button and browsing to
this database. Below is a list of the gases in this library.

= Air_EN673

= Argon_EN673

= Krypton_EN673

=  Xenon_EN673

= Air (10%) / Argon (90%) Mix EN
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1.2. MODELING IMPLEMENTATION:

Air (10%) / Krypton (90%) Mix EN
Air (10%) / Xenon (90%) Mix EN

ii Gas Library (C:\Program Files'LBNL WINDOWG" W6-CEN.mdb) i [
File Edit Libraries Record Tools Wiew Help
Cwd s =R|E[E: K (> n|Bajen: O#7 %20
: = Gas Library [C:4Frogram Files\LBMLMWIND 04 EYWE-CEM . radb] =
Detailed igw |
Calc | [ Mame Type | Conductivity Wigcogity Cp Dengity Pramndt|
&I Ak kg JAkgK kgdm3
Copy |
2 Argon Pure 0016349 0.000021 F21.929016 1.781832 0.6704
Delete | 3 Kmpton Fure 0.003664 0.000023 248091003 3.73FVSR 06717
~ Find 4 Xenon Fure 0.005160 0000021 158.339996 5856475 0.6542
IID 'l 5 Air[10%] / Argon (3] Mix 0.017063 0.000021 FES.033142 1.73286R 0.6753
I— £ Air[(10%] / Krpphon [| Mix 0005743 0.000023 2¥E.130402 3453234 0.6571
7 Air(10%) /Xenon (4 Mix 0.006217 0000021 178.626035 5.400045 06125
wl 1001 Air_ENET3 Pure 0.024360 0o0ooms  1008.000000  1.282171 07z
14 recards found. 1002 Argon_ENE73 Fure 0.016840 0.0000z22 519.000000 1.781832 0.6669
1003 Krypton_EMET3 Pure 0.009000 0.000024 245 000000 3737796 0.6533
= 1004 Henon_ENET3 Pure 0.005330 0.000022 158.000000 5.85E475 06539 |
&I 1005 A [10%] £ Argan (3] Mix 0.017591 0000021 555463989 1.732865 06719
Report | 1006 A [10%] / Kiyptan () Mix noolzo 0.000024 273223907 3453234 0.6405
Erit | 1007 A [10%] /Xenan (9 Mix 0.00E434 0.000022 178.3395E9 5.400045 06111
4]

l

For Help, press F1

Mode: MFRC [T [ UM A

Figure 1-1. Export the special EN gases into the Gas Library from the “EN673 gasses.mdb” gases library.

Environmental Conditions:

Also, when making the glazing system in WINDOW, set the environmental conditions to CEN
(predefined in the Environmental Conditions library) with the following characteristics:

U-factor: Inside

Inside Air Temperature =20° C
Model = Fixed combined coefficient

Combined Coefficient= 3.6 + (4.4 * ¢ / 0.837) W/m?K

where

3.6 = convective component of the combined coefficient
(4.4 * £ /0.837) = radiative component of the combined coefficient
€ = Emissivity of the glass surface facing the inside condition.

U-factor: Outside
Inside Air Temperature=0°C
Model = Fixed combined coefficient
Combined Coefficient=23.00 W/m?K
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1.2. MODELING IMPLEMENTATION:

= SHGC: Inside
Inside Air Temperature =25° C
Model = Fixed combined coefficient
Combined Coefficient= 3.6 + (4.4-* ¢ / 0.837)W/m?K

where

3.6 = convective component of the combined coefficient

(4.4 * £ /0.837) = radiative component of the combined coefficient
¢ = Emissivity of the glass surface facing the inside condition.

=  SHGC: Qutside
Inside Air Temperature =30° C
Direct Solar Radiation = 500 w/m2
Model = Fixed combined coefficient
Combined Coefficient= 23 W/m2K

! Glazing System Library (C:',Program Files'LENL' WINDDW6' W6-CEN.mdb) i ] 3]

Eile Edit Libraries Record Tools Yiew Help

DEEH| $BRR(SE: ««>»M|[B- en; O# 7% 2N

— Glazing Systern Librany =
List |
Calz [F3) ID # 8 Mame: |3ample Gl2Gys :
Hew ﬂLa_l,lers:|2 ﬂ Tilt:l o ” G Height:l 1000 mm E
Lopy | Envionnentalfce = iEwidh] 1000 mm ;
) 1 2
Delete | Eomment:l
Save | Owerall thickness:|25.933 mm Mode:lﬂ
Report | [ o] Name [ode] Thick [Fip] Tsol | Rsolt | Rsol2 | Tvie | Rwist [Rvis2 | Ti | E1 | E2 [ Cond
j Glass1 »» 9803 CLEARG.LOF # 47 [JJ079 0074 0074 0888 0082 0082 0000 0840 0.840 1.000
Gap1 »» 1001 Air_ENET3 165 [
j Glass 2 »» 9323 LOW-E_SLOF # 47 [JJoe?s 0117 0105 0826 0115 0109 0000 0158 0840 1.000
4| | »
Center of Glass Results | Temperature Data | Optical Data | Angular Data | Color Properties I
Ufactor SC SHGC Rel. Ht. Gain Twis feff
WimZ-K Widm2 wm-K
1.742 0.786 0.E54 509 0741 0.0350
I~ | Frotected LI
For Help, press F1 Mode: NFRC E MM v

Figure 1-2. In WINDOW, make the glazing system and define the Boundary Conditions as “CEN”
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1.2. MODELING IMPLEMENTATION:

1.2.2. THERM -- Frame and Edge of Glazing:

Frame and edge of glazing calculations are done according to ISO/EN 10077-2. When using the THERM
program to model frames and edge of glazing according to this standard, the modeling is a two step
process:

* Model the frames with the actual glazing/spacer configuration

* Model the frames with a Calibration Panel in place of the glazing/spacer elements

Model the frames with the actual glazing/spacer configuration
The following steps need to be performed to accomplish frame and edge of glazing modeling:
1. Draw the frame geometry.

2. Frame Cavity definitions:
(defined in the Material Library):

* Frame Cavity,CEN Simplified
This Frame Cavity is already defined in the THERM 6 Material Library. It has the following
characteristics:
Material type= Frame Cavity
Radiation Model = Simplified
Cavity Model = CEN
Emissivities for Side 1 and Side 2=0.9

= Frame Cavity — CEN Slightly Ventilated
This Frame Cavity must be defined in the THERM 6 Material Library, with the following
characteristics:
MaterialType =Frame Cavity
Radiation Model = Simplified
Cavity Mode = CEN (slightly ventilated)
Emissivities for Side 1 and Side 2=0.9

3. Fill all of enclosed frame cavities with the “Frame Cavity — CEN Simplified”

4. Follow the rules in the NFRC THERM 5.2 / WINDOW 5.2 Simulation Manual, Section 6.3.7, “Slightly
Ventilated Exterior Cavities” for information on how to determine which cavities should be set to
CEN Slightly Ventilated.
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1.2. MODELING IMPLEMENTATION:

5. Define boundary conditions. There are three types of boundary conditions:

= CEN - Indoor
Model = Simplified
Temperature=20° C
Color = variant of Red (optional)
Film Coefficient= 3.6 + (4.4 * £ / 0.90) W/m?K

where

3.6 = convective component of the combined coefficient

(4.4* & /0.90) = radiative component of the combined coefficient
¢ = Emissivity of the glass surface facing the inside condition.

=  CEN - Indoor Reduced Radiation
Model = Simplified
Temperature=20° C
Color = variant of Red, different than above (optional)
Film Coefficient= 3.6 + (1.4 * ¢ / 0.90) W/m?K

where

3.6 = convective component of the combined coefficient
(1.4*&/0.9) = radiative component of the combined coefficient
¢ = Emissivity of the glass surface facing the inside condition.

=  CEN - Outdoor
Model = Simplified
Temperature=0° C
Film Coefficient= 23.00 W/m?2K
Color = variant of Blue (optional)

Import the glazing system defined in WINDOW 6 (which was modeled with the CEN 673 algorithm
option activated) in the normal manner and draw the spacer

The Glazing height is 190 mm, and the edge of glazing is equal to this entire length, so set both Edge
of Glass Dimension and Glazing System Height to 190 mm.

Set the Exterior Boundary Conditions to “CEN- Outdoor” and the Interior Boundary Conditions to
“CEN-Indoor”.

Create new points to accommodate reduced radiation boundary conditions. Reduced radiation
boundary conditions exist only on Indoor side and it applies to facing segments in a corner, less then
30 mm. They are applied equally to facing sides, using right angle triangle rule with 45° angles (i.e.,
equal side right angle triangle). For additional details on the application of reduced radiation
boundary condition see ISO/EN 10077-2.

Set these boundary segments to the CEN-Indoor Reduced Radiation” boundary condition

JANUARY 8, 2009 1-5



1.2. MODELING IMPLEMENTATION:

Dimensions in millimetres

Key
1 Direction of heat flow
2 Internal surface

Figure 1-3. In Schematic representation of surfaces with an increased surface resistance
due to a reduced radiation/convection heat transfer
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1.2. MODELING IMPLEMENTATION:

Insert Glazing System

Set Edge of Glass Dimension
and Glazing System Height to
190 mm.

LUse aising BC fom foary (st below) =], || [\ exsing BC o oy et belw) 7]
CEN-Oudoor o] || [ENoeder ]
Set Exterior Boundary Set Interior Boundary
Condition to “CEN — Outdoor” Condition to “CEN — Indoor”

Figure 1-4. In THERM, insert the glazing system using CEN criteria for Edge of Glass Dimension,
Glazing System Height, and Boundary Conditions.

8. Set the boundary condition to “CEN — Outdoor” on all of outdoor surfaces (glazing and frame)

9. Set the remaining boundary conditions to “CEN — Indoor” on the indoor side, including the glazing
and frame.
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1.2. MODELING IMPLEMENTATION:

BC = CEN - Indoor
U-factor Surface Tag = Edge
Height = 190 mm

BC = CEN — Outdoor
U-factor Surface Tag = None

BC = CEN - Indoor
U-factor Surface Tag = Frame

Figure 1-5. Boundary Condition definitions

10. Set U-factor Tags to “Frame” for all indoor frame surfaces and to “Edge” for all indoor glazing
surfaces

11. Retain U-Factor Tag of “None” for the outdoor surfaces (both glazing and frame)

12. Save this model and perform the calculation
(DCC - when I calculate this, I get a message in THERM 6 saying that CR can’t be calculated because
there is not a radiation enclosure surrounding the interior glazing. So should we say to turn CR calc
off when inserting the glazing system ?
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1.2. MODELING IMPLEMENTATION:

Model the frames with a Calibration Panel in place of the glazing/spacer elements

Using the previously created model with the glazing system, createa new model with the calibration
panel replacing the glazing system.

1.

In the Material Library, create anew material called “CEN -- Calibration Panel”

Replace all the glazing and spacer polygons with the Calibration Panel material (delete the glazing

Material Type = Solid
Conductivity = 0.035 W/mK

Emissivity = 0.90

Color = light yellow (optional)

Figure 1-6. Defining the material for the Calibration Panel

x
[CEN - Calibration Parel | Close |
— Material Type C |
ance |
v Solid
©~ Frame Cavity Hew
) Glazing Eavity
Delete
" Esternal Radiation Enclosure 4'
Bename |

— Salid Properties
Conductivity |0.035 A

E miszivity IU.S

Save Lib asl

LoadLib |

= Cavity Properties

Rediation bade! | =

[Eaitnhadel I 'l
s il I 'l

I | Pretected

system and substitute one polygon of the same dimensions).

Extend the top of calibration panel by 1 mm.

Insert a point on the indoor side of the Calibration Panel 1 mm from the top. In the U-factor Names
Library, create a new U-Factor Tag called “Center of Glass”, and apply that U-factor tag to the 1 mm
segment at the top of the interior side of the Calibration Panel.

Define the rest of the U-factor surfaces in the same way as in glazing case

Save this model and perform calculation
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1.2. MODELING IMPLEMENTATION:

BC = CEN

— Indoor

mm

U-factor Surface Tag = Center of Glazing
/ Height =1

BC = CEN — Outdoor
U-factor Surface Tag = None

BC = CEN - Indoor
U-factor Surface Tag
Height = 190 mm

= Edge

BC = CEN - Indoor
U-factor Surface Tag = Frame

Figure 1-7. Defining the Boundary Conditions for the Calibration Panel
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1.2. MODELING IMPLEMENTATION:

Calculate the Whole Product results in the EN673+1S0O10077 spreadsheet

1. Open sheet “Frames” in “EN673+ISO10077” spreadsheet and select appropriate product for which

these frame and edge of glazing sections are calculated. There are three types of products:

= Single Lite
= Dual Lite — Vertical
= Dual Lite — Horizontal

=

E_] Fle Edt “iew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion forhelp +» o & X

DEHRSSGRIYE $RA-F9-c- a5 -silmav -elizmn]

Arial -0 | B J U|ISE==FE|$ % » % 0 - & - é'ﬂ

AF20 - b3
A | 8 [ e o | E [ F |6 [ [ v | o [k [ L | M [ N ] o [ P [F

1 =
LFrames and Edge-of—GIazing U-factor Calculations according to ISO 10077

3
0 L% = by + Uh, Legend: by = |projected frame length
? Ut = Frame U-factor with calibration panel inserted {use frame tag on indoar frame surfaces in THERM)
= UCEN, = (szn - Uphp )by Uy = Calibration panel U-factar 190 mm from sightline {use edge tag on indoar calibration panel surface
T U, =/1-D Calibration panel U-factor {(can be calculated by using center of glass tag on indoor calibration
? van = Ushy+laaghy by = Calibration panel length for 2-D heat transfer effects (fixed at 150 mm by ISO/CEN 10077)
e L0 = heat flow through entire cross section incorporating calibration panel (as defined in ISO/CEN 10077
10| 0= L0 U P Uy USEN; = frame Li-factor as defined in ISO/CEN 10077
11 U = NFRC type U-factors (frame tag on indoor frame surfaces when the IGU is inserted)
? U = (ZAgl, +TALCEN, + Tl P, Ueoq = Edge of glass U-Factar (Edge tag on indoor side 150 mm from sightline)
F by = Height of the edge-of-glass
m Uy =1-D 1GU U-factor (center of glass U-factar) - Take from COG spreadshest
E L = hieat flow through entire cross section incomorating IGU (as defined in ISO/CEN 10077) b
| 16 | W = Linear thermal transmittance
|17 | lp = Perimeter length of the sightline
| 18 |
| 19
| 20 |
| 21 Single Lite

22 by Uy Uy U, by LAD LR U Ueg by U L' ¥
El [mm] WK W WK [mm] | wemKC | WK WK WEmA | mm] | WEmT | WEmK | ik
| 24 | Head 42875 1.420 1.046 1.038 190 0.260 1.465 1.898 1.624 190 1736 03781 -0.0177

25 Sill 42875 1.420 1.048 1.035 190 0.260 1.465 1.898 1.624 190 1736 03751 -0.0177
| 26 Jamb-l 42875 1.420 1.046 1.038 190 0.260 1.465 1.898 1.624 190 1736 03781 -0.0177

27 Jamb-r 42875 1.420 1.046 1.035 190 0.260 1.465 1.898 1.624 190 1736 03751 -0.0177
| 26 |
ﬁ -
W 4 » |/ Center of Glazing %Frames { Products |41 | L|J_‘
Reeady UM v

Figure 1-8. The Frames tab of the spreadsheet for calculation the Frame and Edge-of-Glazing U-factor according to ISO 1007

The cells highlighted in yellow

from the THERM and WINDOW results.

are those that need to be filled in from the THERM and WINDOW results,

as discussed below. The other cells are defaults based on the ISO/CEN 10077 documentation.
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1.2. MODELING IMPLEMENTATION:

2. Open the Center of Glazing tab in the spreadsheet and input the following data

From WINDOW®6 Glazing System Library:
“Ug’ Center of glazing U-factor, calculated earlier in WINDOW 6.2 (see section 1.2.1).

i Glazing System Library {C:Program Files'LBNL', WINDOWS', W6-CEN.mdb}) 18l x|
File Edit Libraries Record Tools View Help

DSH &RB S E: «ar B @i O# 7% 2N
— Glazing System Library =
List |
Calc [F3) D #: [B Name: |5 ample GlzSys ,
MNew | ﬁLayers:IZ él TiIt:I 90 * 1G Height:l 1000 ram '
| Enwiranmental _— :
Copy CDnditiDns:ICEN j IG width] 1000 mm ] 9
Delete | Comment:l
Save | Dverallthickness:|25.933 i tade: Iﬂ
Report | [ ] o | Name [Made| Thick [Fig] Tsel | Fisoll | Rsel2 | Twis | Fvist [ Fvis2| Tir [ E1 | E2 | Cond
j Glazz1 »» 9803 CLEARSLOF # 47 [JJo7Is 0074 0074 08585 0082 0052 0000 0.840 0840 1.000
Gap1 »» 1007 Air_EME?3 165 [
j Glazz 2 »» 9923 LOW-E_B.LOF # 47 [JJoE7e 0117 0105 0826 0115 0109 0000 0158 0840 1.000
4| | »
Center of Glaz: Results | Temperature Data | Optical Data | Angular Data | Colar F‘ropertiesl
Ug
\ Lfactar SC SHGLC Rel Ht. Gain Twiz Feff
\\‘ 4 w2 -k
0.736 0.684 509 0.741 0.0350
= Protefted j
For Help, press F1 Mode: MFRC E UM v
E Microsoft Excel - EN6T3 +15010077_WINDOWGE.xls - |Elli|
E‘IJ File Edit “iew Ingert Format  Tools Data  Window  Help  Adobe PDF Type aquestionforhelp » - & X
NEHRSIFRAIVEIYRA-F9-0-8= -2 @@ -efRRE]

Arial o - B L UOIEE=E|S ~O-A-B
& snaglt [ | window -
B6 - B 1742

A B8] ¢ | o | E | F [ 6 [ H [ 1 [ J [ K[ L
1
| 2 |Center of Gjazing Calculations according to ISO 10292 / EN673 from WINDOW 6
3
4|
| 5
i Ly =I 1.?4‘-12!
7
6 |
=N
10 J;l
M 4 » #|}Center of Glazin Frames 4 Products |1| | LI
Draw ~ ¢ | Autoshapes~ ™ w ] O B 4 3 8] & &'ﬁ'é'f == E " ljl

Ready BN A

Figure 1-9. Glazing system results for Sample GlzSys, which are then entered into the spreadsheet.

1-12 JANUARY 8, 2009



1.2. MODELING IMPLEMENTATION:

3. Open the Frames tab in the spreadsheet, and input the following data for each frame member (from
the THERM results):

From the model with the Glazing System and Spacer:

”bf”

“ U f”

“Ueo, g"

Ucog

Us bf
X

L-factor delta T Length
4 C g, 4% F ot ation
\ [z10 |90.U | Projected in Glass Plane = |

Edg |2'|.E| I'IQD IQD.D IF'roiected in Glass Plane j

% Enor Energy Norm |—8.3U°/= Export |

Figure 1-10. Results from the model with the actual glazing system.
(Projected Frame Dimension) in THERM is Length (mm) for “Projected in Glass
Plane” for Frame

Frame U-factor with glazing/spacer system inserted (use Frame U-factor tag on
indoor frame surfaces in THERM)

Edge of Glazing U-factor (use Edge U-factor tag on indoor glazing surface 190 mm
from sightline in THERM).

From the model with the Calibration Panel:

“’ P
uy
Up

V% Upn

Ut

X]
Ll-factor delta T Length
pdmad (% i Raotation
Framd([1 4202 ) [20.0 [428752 [N/ | Projected v =l
Edg(1.0482 ) [20.0 [1o0.016 [N/ | Projected v |

Certerot-glazing > (1.0851 ) [20.0 [ossass [na

% Enor Energy Norm I 3.46%

Figure 1-11. Results from the model with the calibration panel

Frame U-factor (use Frame U-factor tag on indoor frame surfaces in THERM)

Edge U-factor (use Edge U-factor tag on indoor calibration panel surface 190 mm
from sightline in THERM).

1-D Calibration panel U-factor (can be calculated by using center of glass tag on
indoor calibration panel surface starting at 190 mm from sightline and
approximately 1 mm high in THERM)
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same product as in the “Frames” sheet). Input the following data (highlighted in yellow in the

spreadsheet):

= “H”: Overall product height

= “W”:Overall product width

The results in terms of the U-factor for the whole product are displayed in the column “Uy”.

Open sheet “Products” in “EN673+I5SO10077” spreadsheet and select the appropriate product (the

~loix
@J File Edit ‘iew Insert Format Tools Data  Window Help  Adobe POF Type aquastionforbelp  » - & X
DEHRS SRR RB-F9-c-x-2i@a -olasns]
Arial ~10 -|B I U %E o $ % v %) 500 £ - 3y . é'ﬂ
J11 - f =Framesll24
A | B | © o | E | F | & | H [ 1 [ 1 ] K L [ M | N =
| 1 |Whole Product U-factor Calculations according to ISO 10077 T
2
3 |
4
5 |
B
7|
& |Single Lite H iy Ay By Ug B |JEEN, e w U
9 m m it it Wtk m | wimtK m Wimk, | Wim?K
10| Overall 1.5000 1.2000 1.8000 15758 1736 02242 | 1.653 |
I Head 0.0496 1.4694 1 1.11425 | 0.01770
12 Sill 0.0495 14694 | 1114268 | -0.01770
13 | Jarnb-L 0.0625 1.4694 | 1.41425 | -0.01770
14 | Jamb-R 0.0525 14694 | 141426 | 001770
15 |
16 |
[ 17 |
18
19 |Dual Lite - Vertical H W A By Ug B |JEEN, e p U
20 m m m’ m’ Wik i WK m Wimk | W/mPK
| 21 | Orwerall 15000 12000 1.8000 | 1.4993 1,736 0.3007 [ 2401 |
|22 | Head 0.0545 1.2956 | 110475 | 018946
| 23 | Sill 00543 | 12956  1.10475 | 0.18946
|24 | Jarnb-If 0.0345 1.2956 | 067856 | 018946
| 25 | Jarnb-tf 00346 | 12956 067856 | 0.18946
| 25 | Jarnb-lv 0.0345 1.2956 | 067856 | 018946
| 27 | Jarnb-ry 00346 | 12956 067856 | 0.18946
E rullion™ 0.0526 1.2242 0 220850 | 018142
29
30 |
| 31 | 1.8000
(2]
33 |Dual Lite - Horizontal H iy Ay By Uy P |JEEN, lue y U
54 m m rn’ me WK m? WK m Wimk, | W/mPK
35 | 1.2000 1.5000 1.8000 1.4993 1736 0.3007 | 2.401 |
E3 Head-f 0.0346 1.2956 | 067856 | 0.18946
E Head-w 0.0345 1.2956 | 0B7B5E | 0.1894E6
35 Sill-f 0.0346 1.2956 | 067856 | 0.18946
E Sill-w 0.0345 1.2956 | 0B7B5E | 0.1894E6
40 Jarnb-f 0.0545 1.2956 | 1.10475 | 0.18946 |
E Jarnb-u 0.0545 12956 | 110475 | 018946
| 42 | Mullion™ 0.0526 1.2242 0 220950 | 0.158142
|:13< » M |{ Center of Glazin Frames 3 Products | 4 | | LIJJ
Ready MUM v
Figure 1-12. The Products tab of the spreadsheet for calculation the Whole Produce U-factor according to ISO 1007
from the THERM and WINDOW results.
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